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Lignocellulosic materials are a potentially valuable source of both aromatic compounds via the
lignin component and sugars from the cellulose and hemicellulose components. However, efﬁcient
means of separating and depolymerising the components are required. An ionic liquid mixture
containing the 1-ethyl-3-methylimidazolium cation and a mixture of alkylbenzenesulfonates with
xylenesulfonate as the main anion was used to extract lignin from sugarcane plant waste at
atmospheric pressure and elevated temperatures (170–190 ◦C). The lignin was recovered from the
ionic liquid by precipitation, allowing the ionic liquid to be recycled. An extraction yield exceeding
93% was attained. The lignin produced had a molecular weight of 2220 g/mol after acetylation.
The regenerated ionic liquid showed good retention of structure and properties. The other product
of the extraction was a cellulose pulp, which can be used in further processing.
Introduction
Lignocellulosic materials have come under intense research
scrutiny due to their potential as starting materials for biofuels
and other commodity chemicals.1–3 Agricultural wastes such as
bagasse, the residue from sugarcane processing, are a relatively
cheap source of lignin, cellulose and hemicellulose. Lignin is a
high molecular weight polymer based on phenylpropane units,
and is potentially a renewable source of aromatic compounds if
an economic means of extracting and depolymerising it could
be developed. The presence of lignin within lignocellulose is
also a major barrier to enzymatic hydrolysis of cellulose by
cellulases, as well as inhibiting fermentation to form products
such as ethanol. Hence its presence diminishes the value of
lignocellulosic materials where the carbohydrate component
provides the chemical feedstock for conversion to biofuels and
commodity chemicals.
In order to fractionate biomass into useful chemicals, there
are three general approaches. The ﬁrst approach involves
extracting lignin, usually at high temperature and pressure,
leaving a cellulose-rich pulp. The second approach involvesmass
depolymerisation of the lignocellulose structure via even more
severe conditions such as the temperatures and pressures used in
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gasiﬁcation, or the use of mineral acids at elevated temperatures
to liberate sugars for fermentation. A third approach is the dis-
solution of cellulose, followed by re-precipitation, for example,
using ionic liquids.
In this paper we describe a lignin extraction and partial
depolymerisation method that uses a purpose designed ionic
liquid. Extracting lignin from lignocellulose using this ionic
liquid has several advantages, including reaction at atmospheric
pressure, no emission of toxic or odourous gases, capability of
recycling the ionic liquid, no requirement for prolonged drying
of material and the ability to produce lignin with particular
functional groups.
Traditional methods of extracting lignin from lignocellulose
consist of a range of industrial processes for the production
of papermaking pulp from wood chip and other ﬁbres. These
include the widely used kraft process, which accounts for
80% of chemical pulping,4 as well as the sulﬁte, soda, and
organosolv processes. There are two main structural changes
to lignin involved in chemical pulping, ﬁrstly, fragmentation of
the lignin macromolecule into smaller parts, and secondly, the
introduction of hydrophilic groups.5 The lignin fragments are
then dissolved and removed. Pulping reactions are exclusively
nucleophilic.5 The fragmentation reactions occur via cleavage of
ether groups which are widely present within lignin. Cleavage of
ethers produces highly reactive quinone methide or carbocation
intermediates, which can then react with the nucleophilic species
present, including pulping chemicals. The lignin fragments
can also join with other lignin fragments in what are known
as condensation reactions to form larger fragments. Lignin
condensation reactions are undesirable for lignin removal as
the carbon-carbon bonds formed are harder to break than the
original ether bonds and the larger lignin fragments are harder
to dissolve.
In almost all cases except organic acid pulping, the process
requires high pressures and therefore capital intensive plant.
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The high temperature (and therefore high pressure) processing
is required in part because the glass transition temperature of
lignin is around 150 ◦C. The main disadvantages associated
with the kraft process are pollution and odour problems, high
water use and large plant size,6 which creates a high cost for
transporting lignocellulose. Newer methods of fractionating
biomass using phosphoric acid,7 or acetic acid and formic
acid8 under mild conditions have also been reported, but the
corrosiveness of the acids is a major drawback and the processes
have limitations in terms of energy usage, solvent recovery and
ease of product isolation.
A lesser known pulping process, called hydrotropic pulping,
which was patented by McKee in 19439–11 involves the use
of sodium xylenesulfonate (30–40%) in aqueous solution at
temperatures between 150 ◦Cand 180 ◦C, and pressures between
0.4MPa and 1.4MPa. As with the traditional pulping methods,
the initial step in hydrotropic pulping involves fragmentation of
the lignin, followed by solubilisation of the lignin fragments.
After reaction at high pressure, the lignin dissolved in the
hydrotrope solution is precipitated by dilution with water.
Hydrotropic agents for lignin typically contain both polar and
non-polar groups which enable them to solubilise the lignin
via formation of strong ion-dipole bonds with water as well
as interacting strongly with the lignin through, for example, p–p
interactions.12 It has also been suggested that they form micelles
that envelop the lignin fragments.13
Due to their unusual properties and ability to act as
solvents and catalysts in a wide variety of reactions, ionic
liquids have been recently investigated in a range of biomass
processing applications.14 Interest in using ionic liquids as
biomass solvents has so far been centred on the dissolution and
processing of pure cellulose using 1-butyl-3-methylimidazolium
chloride ([C4mim][Cl]),15,16 1-allyl-3-methylimidazolium
chloride,17 1-ethyl-3-methylimidazolium acetate,18 1-butyl-3-
methylimidazolium acetate,18 1-ethyl-3-methylimidazolium
methylphosphate,19 and 1,3-dialkylimidazolium formates.20
The dissolution of cellulose in [C4mim][Cl] is attributed to
disruption of hydrogen bonding and coordination of chloride
ions to the hydroxyl groups of cellulose. It requires low
moisture contents, typically below 1%, as water interferes by
hydrogen bonding to the cellulose hydroxyl groups,16 or by
coordinating to the chloride ions. Dissolution of wood using
[C4mim][Cl] has also been reported.21–23 Based on the same
mechanism of cellulose dissolution, the dissolution of wood
also requires the virtual absence of water, which necessitates
extensive drying of the wood, drying of the ionic liquid and
reaction under inert atmosphere, as well as small particle size
and long dissolution times unless coupled with microwave
heating.21–23
Based on the effectiveness of sodium xylenesulfonate as
a pulping agent, an ionic liquid which incorporates the
xylenesulfonate anion, was designed in our laboratories for
lignin extraction.24 1-Ethyl-3-methylimidazolium [C2mim] is the
cation, and the mixture of anions, which will be referred to
as alkylbenzenesulfonate [ABS], is a commercially available
mixture mainly made up of isomers of xylenesulfonate (74%)
with smaller amounts of ethylbenzenesulfonate (13%), cumene-
sulfonate (9%) and toluenesulfonate (4%). The main component
of [C2mim][ABS] is shown in Fig. 1.
Fig. 1 Ionic liquid 1-ethyl-3-methylimidazolium xylenesulfonate
([C2mim][XS]).
A more recent study on lignin solubility in ionic liquids
has shown that up to 20 wt% kraft wood lignin can be
dissolved in 1,3-dimethylimidazolium methylsulfate, 1-butyl-3-
methylimidazolium methylsulfate and 1-hexyl-3-methylimi-
dazolium triﬂuoromethanesulfonate.25 Demonstrating the
strong interest in using ionic liquids for lignocellulose processing
is the large number of patents which have recently been
published on the subject, mostly by BASF.26–31 In this paper
we present a more extensive study of lignin extraction by the
alkylbenzenesulfonate ionic liquid including characterisation of
the lignin produced, the cellulose pulp and the recycling of the
ionic liquid.
Results and discussion
Lignin was effectively extracted from sugarcane bagasse using
the ionic liquid [C2mim][ABS] at ambient pressure and elevated
temperatures (Fig. 2). The initial step in deligniﬁcation is
hydrolytic fragmentation of the large lignin polymer, followed
by solubilisation of lignin fragments. Hence the presence of
water is important for the extraction of lignin. After steam
pretreatment of bagasse, water was present at about 30% in the
reaction mixture initially, but Karl-Fischer analysis showed a
water content of approximately 2% in the reaction mixture after
reaching 185 ◦C.
Fig. 2 (a) Bagasse (2–3 mm), (b) cellulose pulp, (c) recovered lignin.
As shown in Table 1, lignin extraction increases with increas-
ing temperature from 170 ◦C to 190 ◦C. This is conﬁrmed
by the decreasing residual lignin content in the cellulose pulp
shown in Fig. 3, where the maximum extraction corresponds to
a total residual lignin content of 3.0% for reaction at 190 ◦C
for 2 hours. Lignin extraction increases with increasing reaction
time from 30 minutes to 120 minutes (Fig. 4) for reaction at
190 ◦C. In Table 1, the masses of recovered lignin are shown as
a percentage of original lignin content in bagasse (21.5% on a
dry basis). These percentages do not represent absolute yields
due to the presence of other components which were difﬁcult
to separate. The maximum lignin extraction corresponds to a
recovered lignin mass of 118 wt% of the original lignin content.
This higher than theoretical mass may be partially due to
the incorporation of the xylenesulfonate anion, as shown by
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Table 1 Mass of recovered lignin
Run no Condition Mass of recovered lignina (% ± 2)
1. 170 ◦C, 120 min 67
2. 180 ◦C, 120 min 78
3. 190 ◦C, 120 min 118
4. 190 ◦C, 90 min 97
5. 190 ◦C, 60 min 96
6. 190 ◦C, 30 min 67
a As a percentage of original lignin content, corrected for ash content.
Fig. 3 Residual lignin in cellulose pulp vs. temperature (corrected for
ash content).
Fig. 4 Residual lignin in cellulose pulp vs. reaction time (corrected for
ash content).
elemental analysis. Sulfur was absent in the orginal bagasse,
but was found to be present in the recovered lignin at 1.5 wt%
(Table 2). Assuming the sulfur is present as xylenesulfonate, this
corresponds to 8.7% xylenesulfonate in the lignin. Subtracting
the mass of xylenesulfonate gives a recovered mass of 108%. The
high recovered lignin mass is also partly due to the reactions
between lignin and hemicellulose breakdown products, as will
be explained, vide infra. Small amounts of the [C2mim] cation
may also have been incorporated in the lignin.
It is quite plausible that the lignin carbonium ions formed
during heating in the ionic liquid are able to react with the
highly available xylenesulfonate anions, producing lignin with
xylenesulfonate adducts. Indeed, the absence of “carbonium ion
scavengers” has been reported to result in low lignin extraction
in steam explosion experiments due to lignin condensation
reactions.32 Thus the addition of a small amount of sodium
Table 2 Elemental analysis
C (%) H (%) N (%) S (%)
Bagasse 47.10 6.21 0.25 Nil
Cellulose pulpa 43.35 6.63 < 0.1 Nil
Lignina 66.35 5.46 1.17 1.52
Organosolv ligninb 66.85 6.00 0.23 Nil
a From reaction using [C2mim][ABS] at 190
◦C for 120 minutes.
b Supplied by Sigma Aldrich.
xylenesulfonate into the reaction mixture, as in the procedure
decribed here,may provide a source of carbonium ion scavengers
required while still allowing complete regeneration of the ionic
liquid.
The other possible additional contaminants of the recovered
lignin are humins or “pseudo-lignin”. Humins are polymeric
products commonly produced from degradation of glucose
and fructose during heating under acidic conditions.33,34 The
formation of “pseudo-lignin” from polysaccharide degradation
products, which are known to react with lignin, has been
reported in literature on deligniﬁcation by autohydrolysis.32,35
Acid hydrolysis of the recovered lignin from reaction at 190 ◦C
for 2 hours revealed less than 0.1% xylan and negligible levels of
glucan and arabinan, indicating that carbohydrates were largely
absent from the lignin; however the pseudo-lignin products
would not be detected in this measurement as they are not
carbohydrates.
The addition of a small amount of sodium xylenesulfonate
to the ionic liquid mixture was also expected to aid cleavage
of ether groups in lignin due to sodium ions coordinating to
the ether oxygen, increasing the carbonium ion character of
ether carbon atoms, thus facilitating nucleophilic attack on the
latter by arylsulfonate groups of the ionic liquid. Generally, the
catalytic effect of a counterion on a chemical process, known
as metal ion catalysis or electrophilic catalysis, is traditionally
attributed to Lewis acid complexation, although a more recent
paper mentions the importance of the associated electrostatic
effect.36 While cleavage of alkyl aryl ethers can occur by
either homolytic scission (dealkylation) or heterolytic scission
(dealkoxylation), the study found that heterolytic scission was
very much dependent on the electrophilic assistance of a
counterion. The presence of alkali metal ions was found to
increase the rate of cleavage of crown ether anisoles by up to
three orders of magnitude with a toluenethiolate nucleophile.37
Low levels of sodium ions were already present in the neat ionic
liquid due to the use of a sodium salt as the starting material.
Sugarcane bagasse has a high silica content, which poses a
problem for chemical recovery in traditional pulping systems.38
The ash content of the bagasse used in these experiments was
measured to be 1.58% (on dry basis). Silica is known to dissolve
in the alkaline liquors of the kraft and soda processes.38 Ash
contents of the lignins were measured to be in the range of
0.6–2%, and were corrected for in the recovered lignin mass.
The mass of recovered cellulose pulps were between 45% and
55% of the original bagasse on a dry mass basis (Table 3),
indicating relatively little degradation of cellulose. However,
HPLC of acid-hydrolysed bagasse and pulp showed that the
majority of the hemicellulose had been removed after reaction.
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Table 3 Yield of cellulose pulp
Run no Condition
Dry wt of cellulose pulp as percentage
of original bagasse, dry wt (% ± 2)
1. 170 ◦C, 120 min 55
2. 180 ◦C, 120 min 52
3. 190 ◦C, 120 min 45
4. 190 ◦C, 90 min 46
5. 190 ◦C, 60 min 48
6. 190 ◦C, 30 min 53
Xylan levels in the bagasse and cellulose pulp (190 ◦C, 2 hours)
were 18.8% and 8.7%, respectively. Arabinan levels in the
bagasse and cellulose pulp (190 ◦C, 2 hours) were 1.7% and
0%, respectively. The amount of hemicellulose removed during
deligniﬁcation correlates roughly with the amount of extra
material in the recovered lignin, supporting the case that reactive
breakdown products of hemicellulose have been incorporated
within the recovered lignin.
Lignin characterisation
Solid state 13C NMR was conducted on the bagasse, cellulose
pulp and recovered lignin. Both spectra for bagasse and cellulose
pulp (Fig. 5a and b) show the distinctive peaks for cellulose
C1 at 107 ppm due to the anomeric carbon in the cellulose
structure and overlapping signals from cellulose C2 to C6 at
60–100 ppm. The spectrum for lignin (Fig. 5c) shows sharp
peaks for methoxy groups at 57.8 ppm, and methylene groups at
22.3 ppm.These lignin peaks can be observed in the spectrum for
bagasse (Fig. 5a), but are distinctly absent from the spectrum of
the cellulose pulp (Fig. 5b), conﬁrming that deligniﬁcation has
taken place. Other peaks in lignin occurring at 110–160 ppm
correspond to aromatic ring carbon.39
Fig. 5 Solid state 13CNMR of (a) bagasse, (b) cellulose pulp (190 ◦C
for 120 minutes), (c) recovered lignin (190 ◦C for 120 minutes).
Signals from the [ABS] anion are unable to be identiﬁed due
to the overlapping signals from the aromatic groups in lignin.
Signals from the [C2mim] cation at 15.6, 35.9, 44.6 and139.9 ppm
are unable to be identiﬁed due to the relatively low levels of this
cation resulting in the signals being obscured by other sources of
carbon. The signals in the range 160–220 ppm are typically due
to carboxyl carbon (160–190 ppm) and carbonyl group carbons
in quinones, ketones and aldehydes (190–220 ppm).40 These are
consistent with contamination from humic materials (humins),
causing the high recovered mass of lignin. Humins have also
been reported by others to give rise to 13C NMR signals at
190–194 ppm.41 Carbonyl groups may be present in lignin to
a small extent, but solid state NMR of milled wood lignins, a
formof isolated ligninwhichmost closely resembles native lignin
within its plant source, do not show signals in the 170–220 ppm
range,42 and neither do these signals appear in the spectrum
of bagasse used in these experiments. No effort was made to
exclude oxygen from the extraction procedure and oxidation of
the isolated lignin (particularly phenolics) can account for the
additional carbonyl groups observed at low ﬁeld in the solid
state 13C NMR spectrum.
Infrared spectra of the recovered lignin and organosolv lignin
from Sigma Aldrich (Fig. 6) are both dominated by a wide
band at 3440–3200 cm-1 attributed to phenolic and aliphatic
OH groups, followed by bands for C–H stretching in methyl and
methylene groups (2936–2938 cm-1), C-H stretching in methoxy
groups (2842–2849 cm-1), unconjugated C=O stretching (1701–
1703 cm-1), aromatic skeleton C–C stretching (1606–1610 cm-1)
and (1515–1516 cm-1), asymmetric C–H deformation of methyl
andmethylene groups (1460–1461 cm-1), aromatic skeleton C–C
stretching (1425–1426 cm-1), C–O stretching of syringyl groups
(1328–1329 cm-1), C–O stretching of guaiacyl groups (1270–
1271 cm-1), aromatic C–H deformation of guaiacyl groups
(1216–1219 cm-1), C–O(H) and C–O(C) stretching of ﬁrst order
aliphatic OH and ether groups (1031–1034 cm-1), and aromatic
C–H out of plane bending (830–834 cm-1).43,44 Most interesting
in the ionic liquid extracted lignin is the small band at 1168 cm-1
and larger band at 680 cm-1, which are absent in organosolv
lignin, and these may be attributed to symmetric SO2 stretching
and C–S stretching, respectively, supporting the hypothesis that
[ABS]-derived groups are included in the extracted product.
Fig. 6 Infra-red spectrum of (a) recovered lignin from reaction at
190 ◦C for 120 minutes, (b) Organosolv lignin from Sigma Aldrich.
Recovered lignin was acetylated and the molecular weight
was determined using gel permeation chromatography with
polystyrene standards and tetrahydrofuran as eluent. Theweight
average molecular weight was measured to be 3690 g/mol
and number average molecular weight was 2220 g/mol with
342 | Green Chem., 2009, 11, 339–345 This journal is © The Royal Society of Chemistry 2009
polydispersity of 1.66. Acetylated autohydrolysis lignin from
bagasse has been reported to have a weight average molecular
weight of 19300 g/mol and a number average molecular weight
of 1700 g/mol, with polysdispersity of 11.4.45 Thus the bagasse
lignin extracted using ionic liquid has a much more uniform
molecular weight than autohydrolysis bagasse lignin.
Thermogravimetric analysis conducted on extracted lignin
(Fig. 7) showed that it begins to decompose at about 200 ◦C.This
is quite similar to the thermal behaviour of acid insoluble lignin
from alkaline extraction of bagasse, which begins decomposing
at 186 ◦C.46 The ﬁrst derivative of the weight loss curve showed
two minima at 290 ◦C and 370 ◦C.
Fig. 7 Thermogravimetric analysis of lignin extracted using
[C2mim][ABS].
Differential scanning calorimetry of dried lignin from
[C2mim][ABS] extraction showed a glass transition temperature
at about 144 ◦C (midpoint), which correlates well with literature
values for soda bagasse lignin of between 140–145 ◦C.47
Ionic liquid characterisation
Differential scanning calorimetry showed the ionic liquid
[C2mim][ABS] to have no well-deﬁned melting point, which is
consistent with it being a mixture of different alkylbenzenesul-
fonate anions with residual levels of sodium and chloride. A
glass transition was observed at -55 ◦C. At 70 ◦C, the viscosity
of [C2mim][ABS] was 694mPa s and its density was 1.209 g/cm3.
Recovery of ionic liquid
The 1HNMR spectra of [C2mim][ABS] before and after reaction
showed no change in structure. The recovered masses of ionic
liquid were reasonably high, ranging from 96.1 to 99.4%
(Table 4), indicating good potential for recycling.
Experimental
Puriﬁcation of industrial grade sodium xylenesulfonate
An industrial grade of sodium xylenesulfonate was intentionally
used in this work since, ultimately, the cost of the ionic liquid
would be a major factor in its application. Sodium xylenesul-
fonate is typically produced as a mixture of isomers and all of
the isomers can therefore be expected to be present in the ionic
liquids made from these technical grade materials. Stepanate
Table 4 Recovery of ionic liquid
Run no Recovery (% ± 0.5)a
1. 96.1
2. 97.9
3. 98.8
4. 96.4
5. 98.9
6. 99.4
a Corrected for residual sodium and chloride content in recovered IL.
SXS-93 was obtained from Albright & Wilson, containing
isomers of sodium xylenesulfonate, along with smaller amounts
of sodium cumenesulfonate, sodium ethylbenzenesulfonate and
sodium toluenesulfonate, and up to 4% sodium sulfate. This was
dried under vacuum at 105 ◦C for 10 hours, and 100 g of the
dried material was dissolved in 1.2 L of methanol. The insoluble
sodium sulfate was removed by ﬁltration and the ﬁltrate was
dried in vacuo to give solid [Na][ABS], which was further dried
at 105 ◦C overnight and ground in a mortar and pestle. From
1H NMR, it was possible to estimate the amounts of each
component: 74% sodium xylenesulfonate isomers, 9% sodium
cumenesulfonate, 4% sodium toluenesulfonate, 13% sodium
ethylbenzenesulfonate. 1H NMR (D2O, d/ppm): 8.28 (s, ArH),
7.85–7.05 (m, ArH), 3.10–2.80 (m, -CH3-CH-CH3), 2.70–2.58
(q, -CH2-CH3), 2.58–2.48 (m, -CH3-Ar), 2.34 (s, -CH3-Ar), 2.31–
2.20 (m, -CH3-Ar), 1.20–1.11 (m, -CH2-CH3, CH3-CH-CH3).
ES-MS: ES- m/z 170.8 toluenesulfonate; 184.9 xylenesulfonate
and ethylbenzenesulfonate; 198.9 cumenesulfonate.
Preparation of [C2mim][ABS]
1-Ethyl-3-methylimidazolium chloride (99.2 g, 629 mmol) from
Aldrich (98%) and puriﬁed Stepanate SXS-93 (182.6 g) from
Albright &Wilson were dissolved in 560mL of water and stirred
overnight at room temperature. The water was removed under
vacuum and 530 mL of acetone was added. Insoluble sodium
chloride was removed by ﬁltration. Acetone was removed under
vacuum and the ionic liquid was dried under high vacuum at
70 ◦C for 12 hours. Dry acetone (280 mL) was used to dissolve
the ionic liquid, with small amounts of sodium chloride forming
a white precipitate. The mixture was refrigerated overnight.
Sodium chloride was ﬁltered off using glass ﬁbre ﬁlter paper.
Acetone was removed under vacuum and the ionic liquid was
dried under high vacuum at 70 ◦C for 12 hours (205.5 g). 1H
NMR (D2O, d/ppm): 8.55–8.45 (s, [C2mim] ArH), 8.21–8.19 (s,
[ABS] ArH), 7.80–6.90 (m, [ABS] ArH), 4.15–4.00 (q, [C2mim]
-CH2-CH3), 3.73 (s, [C2mim] -CH3), 3.00–2.75 (m, [ABS] -CH3-
CH-CH3), 2.65–2.55 (q, [ABS] -CH2-CH3), 2.53–2.40 (m, [ABS]
CH3-Ar), 2.28 (s, [ABS] -CH3-Ar), 2.24–2.12 (m, [ABS] -CH3-
Ar), 1.45–1.25 (t, [C2mim] -CH2-CH3), 1.20–1.11 (m, [ABS]
-CH2-CH3, CH3-CH-CH3). ES-MS: ES+ m/z 110.9 [emim]+.
ES- m/z 170.8 toluenesulfonate; 184.9 xylenesulfonate and
ethyl-benzenesulfonate; 198.9 cumenesulfonate. Sodium level
0.82% (atomic absorption spectroscopy). Chloride level 0.12%
(ion-selective electrode). Thermal decomposition temperature
290 ◦C (approx.).
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Deligniﬁcation reactions
Three grams of bagasse (2–3mm particles, 7% moisture) was
weighed into a crucible and steamed in a beaker for 2 hours
in order to pre-swell the ﬁbres. Ionic liquid was re-dried at
70 ◦C for 2 hours under high vacuum and 27 g was placed
into a 3-neck 100 mL round bottom ﬂask with a small stirrer
bar. Sodium xylenesulfonate [Na][ABS] (1.2 g) was dissolved in
3 mL of distilled water by heating on a hot plate. The sodium
xylenesulfonate solutionwas added to the ionic liquid and stirred
until completely mixed. The steamed bagasse was placed in the
ﬂaskwith the ionic liquidmixture. The reactionmixturewas then
heated to reaction temperature in a silicone oil bathwith a digital
controller on a hot plate. During the initial heating stage, excess
water was allowed to boil off. When reaction temperature was
reached, a reﬂux condenser was placed over the round bottom
ﬂask, with a thermometer and stopper in the second and third
necks. The mixture was held at temperature for the set time.
After the reaction mixture was cooled to 80 ◦C, a total of
500 mL of 0.1M sodium hydroxide was used to wash the ionic
liquid and lignin away from the cellulose pulp. To remove traces
of sodiumhydroxide from the pulp, 300mLof distilledwaterwas
washed through the pulp. Testingwith pHpaper showed the ﬁnal
drops of washing liquid to be pH neutral. The darkly-coloured
caustic solution containing lignin and ionic liquid was acidiﬁed
to pH 2 at room temperature by adding 1M HCl dropwise,
causing lignin to precipitate as a ﬁne suspension. The suspension
was then heated to 70 ◦C for 30 minutes and the lignin was
isolated by ﬁltering through a glass sinter. The ﬁltered lignin
was washed with 200 mL of distilled water at 70 ◦C. It was then
air-dried and further dried in a convection oven at 60 ◦C for
18 hours. The recovered dry lignin mass was then measured.
After air-drying, the cellulose pulp samples were ball-milled,
weighed and tested formoisture. Lignin extraction efﬁciencywas
quantiﬁed by measuring the mass of recovered lignin, as well as
by measuring the acid insoluble lignin (AIL, or Klason lignin)
and acid soluble lignin (ASL) in the cellulose pulp fraction as per
TAPPI Test Method T222-om-0248 and TAPPI useful method
UM 250 um-83,49 respectively.
Recovery of ionic liquid
The acidic aqueous ﬁltrate containing ionic liquid, sodium
chloride, hydrochloric acid and sodium xylenesulfonate (af-
ter removing lignin) was neutralised with 90 mL of 0.1M
NaOH. Water was removed under vacuum and the mixture was
dried at 70 ◦C under high vacuum for 12 hours. Acetonitrile was
added (100 mL) to dissolve the ionic liquid while leaving most
of the sodium chloride and sodium xylenesulfonate as insoluble
residue, which was removed by ﬁltration. The acetonitrile was
then removed under vacuum and the recovered ionic liquid was
dried at 70 ◦C under high vacuum.
Characterisation
Infrared spectra of lignins were obtained using a Perkin-Elmer
Spectrum RX1 FT-IR spectrophotometer, with KBr pellets
made up of 1% sample. A total of 20 scans was taken for each
sample, at resolution 4 cm-1.
13C solid-state NMR was performed using a Bruker AM300
instrument equipped with a Bruker 4 mm solid-state probe
operating at 75.5MHz. The spectra were collected using amagic
angle spinning speed of 5 KHz.
Differential scanning calorimetry was conducted on a TA
Instruments DSC Q100 with 5–10 mg of sample in closed
aluminium pans, at a ramp rate of 10 ◦C per minute. The ionic
liquid sample was cooled to -100 ◦C, held for 2 minutes and
heated to 200 ◦C. The lignin sample was heated from room
temperature to 200 ◦C.
Elemental analysis was carried out by Campbell Microanaly-
sis Laboratory, Department of Chemistry, University of Otago,
Dunedin, New Zealand.
1H Nuclear magnetic resonance spectra were obtained in
D2O and were recorded using a Bruker DPX300 at 300 MHz,
referenced to water at 4.67 ppm.
Electro-spray ionisation mass spectra (ESI-MS) were
recorded on a Micromass Platform II, with cone voltage 35 V
and a capillary voltage of 3.5 kV.
Density measurements were conducted using an Anton Paar
DMA 5000 density meter.
Viscosity measurements were conducted at an angle of 70 ◦
using an Anton Paar AmVn automated micro viscometer, and
recorded as an average of four readings.
Thermogravimetric analysis was conducted on a Pyris 1 TGA
by heating 5–15 mg of sample in a platinum pan at a rate of
10 ◦C per minute.
Conclusions
Extraction of lignin from bagasse using the ionic liquid mixture
[C2mim][ABS] was successfully achieved at atmospheric pres-
sure, with over 93% yield. The fact that the process can be
conducted at atmospheric pressure is signiﬁcant in terms of plant
and equipment requirements, and also illustrates a useful feature
of ionic liquids in providing a reaction medium for hydrolysis
reactions in which water is present but only at low activity. The
lignin is of relatively uniform molecular weight, but contains
some [ABS] adducts due to reaction of the [ABS] anion with
carbonium ion lignin fragments. If necessary, the sulfonate ester
groupsmay be hydrolysed under basic conditions. The recovered
ionic liquid showed no structural change, as observed in the
1H NMR spectra. Overall, the use of ionic liquids to extract
lignin from lignocellulose has been successfully demonstrated,
although a number of issues remain, such as simpliﬁcation of
ionic liquid recovery and tailoring an ionic liquid to create lignin
with desirable adducts. Ionic liquids, for example, that exhibit
desirable phase separation properties would be advantageous. In
view of the environmental disadvantages of current processes,
such as highwater use, pollution, odour, highpressure operation,
and the use of toxic, ﬂammable and corrosive solvents, the use
of an ionic liquid has signiﬁcant advantages, especially with the
possibility of designing new ionic liquids to overcome processing
difﬁculties and to produce a specialised lignin product.
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